A single monolayer of iron selenide grown on strontium titanate shows an impressive enhancement of superconductivity compared with the bulk 1 , as well as a novel Fermi surface topology [2] [3] [4] [5] , extreme two-dimensionality, and the possibility of phonon-enhanced electron pairing 1, 5 . For films thicker than one unit cell, however, the electronic structure is markedly di erent, with a drastically suppressed superconductivity and strong nematicity appearing. The physics driving this extraordinary dichotomy of superconducting behaviour is far from clear. Here, we use low-temperature scanning tunnelling microscopy to study multilayers of iron selenide grown by molecular beam epitaxy, and find a stripe-type charge ordering instability that develops beneath the nematic state. The charge ordering is visible and pinned in the vicinity of impurities. And as it emerges in the strong limit of nematicity, it suggests that a magnetic fluctuation with a rather small wavevector may be competing with the ordinary collinear antiferromagnetic ordering in multilayer films. The existence of stripes in iron-based superconductors, which resemble the stripe order in cuprates, not only suggests that electronic anisotropy and correlation are playing an important role, but also provides a platform for probing the complex interactions between nematicity, charge ordering, magnetism and superconductivity in high-temperature superconductors.
, extreme two-dimensionality, and the possibility of phonon-enhanced electron pairing 1, 5 . For films thicker than one unit cell, however, the electronic structure is markedly di erent, with a drastically suppressed superconductivity and strong nematicity appearing. The physics driving this extraordinary dichotomy of superconducting behaviour is far from clear. Here, we use low-temperature scanning tunnelling microscopy to study multilayers of iron selenide grown by molecular beam epitaxy, and find a stripe-type charge ordering instability that develops beneath the nematic state. The charge ordering is visible and pinned in the vicinity of impurities. And as it emerges in the strong limit of nematicity, it suggests that a magnetic fluctuation with a rather small wavevector may be competing with the ordinary collinear antiferromagnetic ordering in multilayer films. The existence of stripes in iron-based superconductors, which resemble the stripe order in cuprates, not only suggests that electronic anisotropy and correlation are playing an important role, but also provides a platform for probing the complex interactions between nematicity, charge ordering, magnetism and superconductivity in high-temperature superconductors. Nematicity 6 in iron-based superconductors, defined as broken rotational symmetry of the tetragonal lattice (the nonequivalence of the a and b axes in Fig. 1a ), has been manifested in various studies [7] [8] [9] [10] [11] [12] [13] [14] , such as large in-plane anisotropy in neutron scattering 7 and transport measurements 8 , unidirectional nanostructures in scanning tunnelling microscopy (STM) 9 and lifting of orbital degeneracy of d xz /d yz bands in angle-resolved photoemission spectroscopy (ARPES) 11 . Although the d xz /d yz band splitting has been observed in both FeSe single crystals [15] [16] [17] (bulk FeSe) and FeSe films grown on SrTiO 3 (FeSe/STO) 18 , the strength of nematicity in FeSe/STO is much larger than that in bulk FeSe reflected in the much higher nematic phase transition temperature in FeSe/STO 18 . Consequently, superconductivity does not recover in the multilayer FeSe/STO even with a thickness of 30 unit cells, while bulk FeSe (ref. 19 ) becomes superconducting around 8 K. No evidence shows that nematicity hinders the emergence of superconductivity in FeSe (bulk FeSe exhibits superconductivity as well as nematicity); conversely, it has been proposed to cause enhancement of electron pairing to a certain extent 3 . Therefore, there might exist another hidden order competing with superconductivity in multilayer FeSe/STO.
FeSe exhibits intriguing magnetic properties as well. For example, although long-range magnetic order is absent in bulk FeSe with rather large local magnetic moment, the commonly found collinear antiferromagnetism emerges rapidly under high pressure [20] [21] [22] . This indicates that the carriers of FeSe are in a delicate balance in the spin channel, which may also account for the potential high-temperature electron pairing. Here we combine molecular beam epitaxy (MBE) and STM together to reveal the mystery of FeSe. Figure 1b shows a typical STM topographic image of a 30-unitcell FeSe film grown on STO. The surface is divided into multiple domains with maze-like patterns, which are spread throughout the whole sample surface and could be attributed to the boundaries between two perpendicular nematic domains. Impurities (dark dots in Fig. 1b,c) are introduced as scattering centres to reveal the electronic interactions in FeSe film. Most of the impurities present a dumbbell-shaped structure 23, 24 and are probably the Fe vacancies 25 underneath the Se-terminated surface (Fig. 1c) . The boundaries are highlighted by orange dashed lines. An intriguing behaviour is that the stripe pattern could be induced in the vicinity of the impurities. The stripes are unidirectional within each domain, while the orientation of the stripes (marked by white arrows) rotates 90
• when crossing the domain boundary. The existence of the stripes as well as the domains indicates the two-fold symmetry of the underlying electronic structure, and provides direct evidence of the existence of nematicity in FeSe/STO. Hereafter the boundaries will be referred to as C 2 domain walls, which are also the fingerprint of nematicity impurities. The arrows in Fig. 2 indicate the stripes between two impurities. With various bias voltages, the periodicity of the stripes is unchanged (static), while its phase changes by 180
• under −30 mV (denoted by colours of the arrows). The above behaviour of the stripes is reminiscent of charge ordering in charge density wave materials. An alternative explanation for the stripes is quasiparticle interference (QPI) induced by impurities, which reflects the band structure information of the system. However, it is unlikely because of the following reasons. The STM topographic image represents the convolution of the density of states within an energy range from the Fermi level (E F ) to the sampled bias voltage, and thus usually smears out any QPI feature in real space due to drastic variation of energydependent scattering wavevectors (especially at high bias voltages). The charge ordering (CO) origin of the stripes is further supported by dI /dV maps as shown in Fig. 3 . We focus on the area within the white dashed line in Fig. 2d , where two impurities as well as the induced stripe patterns are included. The dI /dV map shows the spatial distribution of the density of states at a specific energy, from which the scattering wavevectors can be extracted. Sweeping the bias voltage V (energy), a series of energydependent wavevectors are mapped out. This is the basic idea of the QPI method, and the obtained wavevectors usually arise from the inter-or intra-band scattering of quasiparticles. The most striking feature in the dI /dV maps (Fig. 3) is the static (non-dispersive) stripe pattern persisting within an extremely large energy range from −200 meV to 500 meV. This is decisive evidence of CO rather than QPI origin of the stripes, since no band near E F has such a large band width in FeSe. Meanwhile, the contribution of intra-band scattering (QPI) near E F can also be observed (highlighted by orange arcs) in the dI /dV maps (Fig. 3i-m) , corresponding to a holelike band (see the band structure and wavevector marked by green arrows in Supplementary Fig. 4 ) near E F . The unidirectional QPI features at negative bias voltages are perpendicular to the orientation of the stripes. On the basis of that, we determine that the orientation of the stripes is along the a axis ( Supplementary Notes 2 and 3) .
We now turn to discuss the driving force of the CO and its connection with nematicity. Figure 4a shows C 2 domain walls at 77 K, indicating the persistence of nematicity at this temperature. The C 2 domain walls gradually disappear at elevated temperatures ( Fig. 4b-d) and the nematic transition (T * ) happens around 120 K, consistent with our previous ARPES measurement 18 . However, the stripes are absent at 77 K (see the zoom-in topography in Fig. 4e) , indicating a new temperature scale for the development of CO. Temperature-dependent measurement of the stripes (Fig. 4e-h ) demonstrates that the transition temperature of CO (T CO ) is around 60 K. More importantly, the periodicity of the stripes is not sensitive to temperature once formed (see the highlighted area marked by white arrows and red dashed lines in Fig. 4f -h at 60 K, 45 K and 4 K, respectively). Figure 4i is a phase diagram summarized from the temperaturedependent measurements of the stripes and nematicity. The nematicity appears at 120 K and is gradually enhanced at lower temperature, and then the CO develops around 60 K. Given the facts that the stripes emerge within the nematic phase and the stripes are absent in bulk FeSe that exhibits weaker nematicity 17 , the strength of nematicity hence is crucial to the formation of the stripes. An instinctive picture to understand the nematicity-induced CO is: the bandwidth of d xz band becomes wider while the d yz band becomes narrower ( Supplementary Fig. 4 ) with larger anisotropy (nematicity) 18 , and then the electrons tend to be more itinerant along one direction but more localized (to stripe) along the perpendicular one. A straightforward explanation of the CO is the Fermi surface nesting picture. However, it is unlikely due to the temperature independence of the stripes. At elevated temperatures, the strength of the nematicity as well as the bands splitting size decrease, giving rise to significant variations of the Fermi surfaces 18 , which cannot contribute a temperature-independent wavevector in momentum space.
Besides nematicity, another essential ingredient to induce the stripes is the impurity, since the CO is always observed in the vicinity of impurities. The correlation length of the induced stripes is ∼2.1 nm (Supplementary Note 4) . The dumbbell-shaped impurities are probably the Fe vacancies, commonly found in bulk FeSe (refs 23-25) . They have two possible orientations along the Se-Se lattice directions that are perpendicular to each other, representing the absence of one Fe atom (Fe vacancy) in the Fe-Fe lattice (see in Fig. 5c,d ). One role of the iron vacancy is to further break the two-fold symmetry 26 , and the strength of nematicity therefore is enhanced locally, which promotes the emergence of the stripes.
dI /dV spectra near the stripes do not show any gap-like features ( Supplementary Fig. 6 and Supplementary Note 5), suggesting a partial bandgap opening in momentum space. Due to the small amount of impurities and the limited areas with stripes in FeSe film, ARPES that takes the average of the signal from an area of tens of square micrometres could not reveal the band folding and gap opening stemming from the CO. The impurity states (Supplementary Note 5) are strongly distorted by interacting with the CO. As shown in Fig. 5a ,b, the directions of the dumbbell shapes (denoted by red dashed lines) show obvious deviation of larger than 10
• from that of the Se-Se lattice (yellow dashed lines). The impurity states interact with the CO and tend to align with the stripes, giving rise to the observed deviation. At 77 K, with the absence of the stripes, the deviation disappears and the two impurities are perpendicular to each other again (Fig. 5c) .
The appearance of stripes near the Fe vacancy indicates a possible magnetic fluctuation in the Fe plane. The impurities help to pin the fluctuation, which is then captured by the STM tip in the charge channel. Long-range magnetic order is absent but the collinear AFM emerges rapidly under high pressure in bulk FeSe (refs 20-22) , indicating that there might be two comparable competing orders in the spin channel at ambient pressure. A tiny change of the lattice constant may break the balance. Positive pressure to FeSe causes emergence of collinear AFM [20] [21] [22] . Conversely, tensile stress is applied when FeSe is grown on STO, equivalent to applying a negative pressure to the system. Therefore, the other side of the pressure-related phase diagram of FeSe is reached, within which the correlation of the whole system is enhanced and the other magnetic order wins. A magnetic fluctuation with a rather small q ∼ π/5 is predicted in bulk FeSe (ref. 27) , quantitatively comparable to the periodicity of the observed stripes. We therefore attribute the observed stripes to the origin of a charge ordering induced by the magnetic fluctuation. The two possible fluctuations in the spin channel might be crucial to understand the unique properties of FeSe, such as the magnetism under pressure [20] [21] [22] and electron pairing at rather high temperatures 1, 20 . The existence of CO instability also provides a natural explanation for the suppression of superconductivity in multilayer FeSe/STO. As commonly occurs in other materials, such as cuprates and transition metal dichalcogenides, superconductivity always competes with CO. Besides the impurities we discussed above, the widespread C 2 domain walls induce the stripes as well where the domain walls are aligned with the intrinsic stripe directions (Supplementary Fig. 7 ). This could play a more important role to break the long-range coherence of Cooper pairs in multilayer FeSe films.
The stripe-type charge ordering in iron-based superconductor resembles that in cuprates and suggests the importance of electronic anisotropy and correlation. Our findings shed new light on understanding the complex relationship between nematicity, charge ordering, magnetism and superconductivity in hightemperature superconductors.
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